Eosinophilic Esophagitis (EoE), first described in the early 1990's, has rapidly evolved as distinctive chronic inflammatory esophageal disease. The diagnosis is based clinically by the presence of symptoms related to an esophageal dysfunction and histologically by an eosinophil-predominant inflammation once other conditions leading to esophageal eosinophilia are excluded. This striking male-prevalent disease has an increasing incidence and prevalence in the westernised countries. Currently, EoE represents the main cause of dysphagia and bolus impaction in adult patients. Despite the fact that EoE often occurs in atopic patients, the value of allergic testing is still under discussion. Topical corticosteroids lead to a rapid improvement of active EoE clinically and histologically; they are therefore regarded as first-line drug therapy. Elimination diets have similar efficacy as topical corticosteroids, but their longterm use is limited by practical issues. Esophageal dilation of EoE-induced strictures can also be effective in improving symptoms, but this therapy has no effect on the underlying inflammation. Neither the diagnostic nor the longterm therapeutic strategies are yet fully defined.
Not even two decades ago, two case series -the first originated from the USA, the second from Switzerland and was published in this Journal -independently described adult patients suffering clinically from dysphagia associated histologically with an eosinophil-predominant infiltration. This pattern was immediately recognised as being different from GERD and was therefore labeled primary or idiopathic eosinophilic esophagitis [1, 2] . The presentation of dysphagia and food impaction in atopic individuals with endoscopic findings of esophageal rings and longitudinal furrows was distinct from the heartburn, regurgitation, and erosive esophagitis that typified GERD. Not more than one year later, Kelly and colleagues reported on a series of allergic children suffering from severe GERD-like symptoms refractory to medical or surgery therapy. These pediatric patients again had a relevant infiltration of the esophagus with eosinophils and responded to treatment with a hypo-allergic diet [3] . Further studies demonstrated that these two different clinical presentations were probably two sides of the same coin, a clinicopathological disease later termed eosinophilic esophagitis (EoE) [4, 5] . EoE affects individuals at any age [6] but has a striking male predominance [1, 2, 4, 5] . Originally, EoE was considered more of a rare curiosity than an epidemiologically relevant disease [4, 5] . However, in recent years, adult and pediatric gastroenterologists observed a dramatic increase in the number of newly-diagnosed EoE cases [6, 7] . This observation raised the question of whether the occurrence of EoE was truly increasing and the disease affecting more individuals, or whether the diagnosis was simply more frequently made as a consequence of heightened awareness by health care providers. Results from a recently published population-based long-term study have clarified this uncertainty and demonstrate that the accelerated EoE incidence represents, in fact, a true increase and not merely the consequence of greater disease awareness by gastroenterologists [8] . Currently, this chronic disease affects in westernised areas between 40 and 55 individuals per 100,000 inhabitants [7, 8] ; this prevalence is comparable with those of Crohn's disease. However, whether this current increase is an ongoing or only a temporary phenomenon is not yet known.
Clinical manifestation of Eosinophilic Esophagitis
The clinical manifestation of EoE is strongly age-related [9] and there are therefore substantial differences in EoE symptom presentation between children and adults. In neonates and infants, food refusal is a common symptom of EoE and may denote dysphagia [9] , which cannot be easily expressed in this age group. Children often complain of GERD-like symptoms, such as heartburn and reflux (range of frequency 5-82%), vomiting (range 5-68%) and abdominal pain (range 8-100%). Dysphagia and food impaction are reported increasingly with age. Less frequently, children present with failure to thrive, chest pain and diarrhea. EoE in adolescents and adults presents with a narrow spectrum of symptoms, mainly with dysphagia for solids (range of frequency 29-100%) and food impaction (range 25-100%) [10] . A minority of adult patients reports GERD-like symptoms, non- swallowing-related chest pain  and upper abdominal pain (see table 1 ). In summary, EoE should be considered in young children with GERD-like symptoms and feeding problems, whereas in older children and adults a history of, dysphagia for solids, food impaction or refractory retrosternal pain should raise suspicion. Physical examination and standard laboratory analyses are typically normal [4, 5] except a mild peripheral eosinophilia and elevated total IgE values, which are found in up to 50% and 70% of EoE patients, respectively [4, 5] .
Endoscopy in Eosinophilic Esophagitis
Upper endoscopy is the first diagnostic step in evaluating individuals with dysphagia [11] . Although there is neither a pathognomonic endoscopic sign nor a typical pattern of abnormalities associated with EoE, a considerable number of different endoscopic features may be observed. These signs usually appear in random combination and represent evidence of active inflammation with mucosal edema (furrows, exudates, etc.) or chronic inflammation with tissue remodelling (crêpe-paper mucosa, corrugated rings, stricture) ( fig. 1) [4, 5] . These abnormalities occur in children and adults, but experience suggests that evidence of active inflammation occurs more often in children whereas manifestations of chronic inflammation are observed more frequently in adults. Of note, if present these signs are suggestive of the diagnosis of EoE, but endoscopy is often confusing or even misleading and a history of dysphagia is a clear indication for biopsy sampling, even in an normal appearing esophagus [4, 5] .
Histopathologic features of Eosinophilic Esophagitis
The healthy esophagus is devoid of eosinophils [12] . In contrast, a relevant infiltration of the esophageal epithelium with eosinophils is the leading sign of EoE and the quantity of these late-inflammatory cells is a crucial component in the diagnosis of this disorder. In addition, several other inflammatory cells such as T helper cells, mast cells [13] and regulatory T cells are found in EoE biopsies [14, 15] . The pattern of inflammatory cells and mediators involved in EoE corresponds to a Th2 type inflammation [13] . Furthermore, a number of structural abnormalities of the esophageal mucosa, for instance superficial layering, basal zone hyperplasia, papillary elongation and lamina propria fibrosis are seen regularly in EoE biopsies and have to be taken into account in the histopathologic evaluation [4, 5] . Of note, pathologic features of EoE are characteristic, but not specific because the etiology of the epithelial eosinophilic inflammation cannot be determined solely from microscopy ( fig. 2 ).
Diagnosis of Eosinophilic Esophagitis
Recently an international panel of EoE experts has published the following conceptual definition: "EoE represents a chronic, immune-mediated esophageal disease, characterised clinically by symptoms related to esophageal dysfunction and histologically by an eosinophil-predominant inflammation" [5] . This definition implies that for the confirmation of the diagnosis EoE the clinician as well as the pathologist are required. Neither symptoms of an esophageal dysfunction nor an esophageal eosinophilia are exclusive to EoE; both can also be associated with other diseases, such as gastro-oesophageal reflux disease (GERD), Crohn's disease, vascular diseases, infectious esophagitis, drug-induced esophagitis, eosinophilic gastroenteritis and esophageal malignancies. The diagnosis of EoE is therefore a composite one and, exclusion of other diseases is mandatory before the EoE diagnosis can be established. Of note, endoscopic abnormalities are not included in this disease definition due to their huge variability. The clinical part of the diagnosis relies almost exclusively on the presence of esophageal symptoms, whereas physical examination, laboratory analyses and radiologic examinations have only a subsidiary value in the diagnostic workup of EoE patients. Of note, the assessment of symptoms of an esophageal dysfunction requires a careful history in order to distinguish between dysphagia and globus sensation and between EoE-associated and reflux-induced retrosternal pain. The histological part of the diagnosis is hampered by the patchy nature of the inflammation [16] . This characteristic has the consequence that the endoscopist has to perform a structured biopsy sampling and the pathologist a careful search of the biopsy specimens in order to prevent a misdiagnosis. In addition, the absolute number of eosinophils is a rigid parameter, and supplemental markers of eosinophil activation, for instance eosinophil degranulation, have been proposed for evaluation of an accurate EoE diagnosis [4, 5] . The diagnostic criteria of EoE are based on three pillars and are depicted in table 2.
Interactions between EoE and GERD
In the diagnostic work-up of esophageal eosinophilia EoE and GERD are the leading conditions which have to be considered. The diagnostic challenge is that these two inflammatory conditions can be related to each other in a complex way. Today at least the following four possible associations between EoE and GERD exist [17] : GERD induces eosinophilic infiltration: The pathogenic hallmark of GERD lies in the exposure of the esophageal epithelium to gastric acid, which induces a chemokine release (e.g., platelet-activating factor, interleukin-4 or interleukin-13) that attracts eosinophils. Therefore, a mild tissue eosinophilia, mainly in the distal esophagus, is observed in GERD patients. In this situation, clinical symptoms, endoscopic findings and pH-monitoring are fully consistent with the diagnosis of GERD. Thus, a therapy with PPI can be started, leading to a decrease in the eosinophil infiltration.
EoE contributes to or causes GERD:
The eosinophil inflammation may lead to an impaired function of the lower esophageal sphincter, induced either by acute inflammation or by fibrosis. This leads to secondary gastro-oesophageal reflux. In this situation, the manifestation of the disease is dominated by symptoms and signs of EoE and, on endoscopy, typical signs of GERD are absent. However, patients present with some signs of GERD and pH-monitoring documents a pathologic reflux. Patients falling into this category should be treated with a combination of anti-eosinophil and acid-suppressive medication.
Non-causative co-existence of GERD and EoE: GERD represents one of the most common gastrointestinal diseases in the population of the Western hemisphere with a prevalence of up to 20% [18] . Since EoE has a cumulative prevalence of 40 patients per 100,000 inhabitants [8], it can be expected that at least 10 to 20% of patients with EoE may also have co-existing GERD. PPI-responsive EoE: One published case series indicates the existence of an EoE subgroup, presenting with typical symptoms and signs of EoE, but with a response of symptoms and eosinophil infiltration under PPI [19] . Of note, this patient group has no GERD manifestations with respect to symptoms, endoscopic findings, or functional studies. Therefore, the new term PPI-responsive EoE might be appropriate to describe this patient subgroup. Physiological reflux might lead to barrier disruption that would predispose patients to EoE development (increased permeability for allergens). Another potential mechanism is that PPI's are able to suppress epithelial secretion of eotaxin-3 independently of their effects on acid-secretion. As a consequence of this complex interplay some patients might need additional examinations such as pH-Monitoring and impedance measurement in order to dissect EoE and GERD and to perform an appropriate treatment.
Indications for treatment of Eosinophilic Esophagitis
Our understanding of EoE pathogenesis is still limited and an optimal treatment algorithm has not yet been defined. It is currently under debate whether physicians should focus on treatment of EoE symptoms only or whether they should also strive to achieve a histologic remission. Recent ad- Furthermore, unbridled eosinophilic inflammation leads to development of fibrosis and angiogenesis. This tissue remodeling leads to a progressive loss of elasticity of the esophageal wall and luminal narrowing in patients and in animal models [20] [21] [22] . Upon treatment with the topical corticosteroid budesonide, the expression of the fibrosis-related markers, such as TGF-beta and Tenascin-C as well as the degree of fibrosis was markedly decreased in the esophageal tissue [21, 23] . It has recently been shown that anti-eosinophil treatment with topical corticosteroids even can reverse tissue remodelling [21, 23] . In summary, there are at least three good reasons to treat patients with clinically and histologically active EoE: 1) An improvement in the quality of life; 2) A reduction in the risk for severe esophageal injury by preventing long-lasting food impactions; and 3) A prevention of organ damage caused by the ongoing tissue remodeling.
Treatment strategy: drugs, diets, dilation
Over the last 20 years, one of the major goals of EoE research was to develop an effective strategy for treatment of EoE. In this chapter, we present an overview of different treatment modalities. Currently, the treatment modalities include the 3 Ds, drugs, diets, and dilation [4, 5] .
Treatment of EoE with drugs
As to the role of acid suppression with PPI, it has been previously demonstrated that the efficacy of this treatment in subverting EoE symptoms was comparable to that observed following the treatment with topical corticosteroids [24] . In addition, acid suppression with PPI may also be used in patients with established EoE, who suffer from symptoms of concomitant GERD, and in those EoE patients that suffer from "PPI-responsive EoE". Nevertheless, PPI treatment should not be considered as a primary treatment option and should rather be used as co-therapy that partially alleviates some symptoms of EoE and/or GERD. Several clinical trials and many case series have demonstrated that systemic and topically administered corticosteroids are highly effective in resolving symptoms and signs of acute flares of EoE, in both children and adults [24] [25] [26] [27] [28] [29] [30] . Upon comparison of topical and systemic corticosteroid application, it has been shown that there is no significant difference in regards to efficacy; however, the topical steroid therapy has far fewer side effects [28] . Unfortunately, when topical or systemic corticosteroids are discontinued, the disease generally recurs within a few weeks [23, 28] . Based on these considerations, topical corticosteroids are recommended as first line medication for EoE patients. They are well tolerated and, with the exception of oropharyngeal Candidiasis, are almost free of side effects. The use of systemic corticosteroids may be limited to emergent cases, such as dysphagia requiring hospitalisation, or dehydration due to swallowing difficulties. Recommended treatment duration for flares ranges between 2-12 weeks.
Patients are often treated with a maintenance regimen with a lower dose of topical corticosteroids for up to one year. There is an urgent need for studies that evaluate topical corticosteroid treatment schedules and pharmacodynamics in EoE patients.
Leukotriene inhibitors have shown to induce symptomatic relief at high dosages. However, its use has not been shown to have any effect on esophageal eosinophilia [31] . Unfortunately, this symptomatic relief could recently not be confirmed in a prospective study [32] . The use of leukotriene inhibitors is therefore not recommended in the treatment of either adults or pediatric EoE [4, 5] . Respecting EoE's immuno-pathogenesis, several biologic agents and immunosuppressants were investigated. Mepolizumab, a humanised anti-IL-5 antibody, led to a significant reduction of esophageal eosinophils in adult and pediatric EoE patients [33, 34] . The agent was well tolerated, but unfortunately the clinical improvement was minimal. Treatment with the anti-TNF antibody infliximab has not been proven to be effective in reducing eosinophilic tissue infiltration or improving symptoms [35] , despite the fact that in active EoE the squamous epithelium expresses high amounts of TNF-α [13] . One pilot study has demonstrated that azathioprine or 6-mercaptopurinetreatment has been effective in inducing and maintaining a remission in three corticosteroid-refractory EoE patients [36] . However, before these treatment regimens are to be implemented in clinical practice, the results of these studies have to be confirmed in a larger number of patients.
Treatment of EoE with hypo-allergic diets
Several trials have been conducted to assess the potential of different diets in alleviating EoE symptoms, mainly in pediatric populations. Protein-free elemental diet [3, 37] , individually adjusted elimination diet [26] and 6-food elimination diet with removal of the 6 most common allergenic foods (dairy, wheat, eggs, soy, peanuts/nuts, fish/shellfish) [38, 39] have shown efficacy in the treatment of children and adults diagnosed with EoE. Unfortunately, as soon as the dietary restrictions are released symptoms and inflammation recur [4, 5] . When deciding on the use of a specific dietary therapy, the patient's lifestyle and family resources also need to be considered. So far, dietary treatment has been more effective in children than in adults. Overall, the use of dietary therapy in adults requires further evaluation. flexible endoscopy [40, 41] . However, dilation does not resolve the underlying eosinophilic inflammation [40] and is therefore considered as second-line treatment in cases refractory to correct medical treatment.
Treatment of EoE with dilation

Follow-up strategy for EoE patients
EoE is a young disease with the consequence that longterm perspectives regarding the risks of the disease itself as well as the risks of the performed treatments are lacking. Regular visits are therefore highly recommended in EoE patients focusing on symptoms, adherence to therapy and adverse effects to ensure quality of life and to improve the recognition of EoE-associated complications. A few case reports illustrate an infrequent association of EoE with Barrett's esophagus. Taking the GERD prevalence into consideration, this association is not really astonishing and further long-term data is awaited. Nevertheless, whether this chronic esophageal inflammation is a risk for the development of pre-malignant or even malignant conditions remains to be determined. So far proper assessment of disease activity requires endoscopy with tissue sampling because reliable non-invasive markers are still lacking [4, 5] . This approach is invasive and, particularly in children, time and cost-consuming. Several groups have therefore evaluated non-invasive markers such as peripheral eosinophil counts [30] and eosinophil granule proteins regarding their correlation with disease activity. The interpretation of the studies looking at peripheral eosinophilia is hampered by the facts that various definitions for "peripheral eosinophilia" were used and that a high percentage of concurrent allergic sensitisations also contribute to the elevated eosinophil counts. In a cross-sectional analysis in 47 pediatric EoE patients the potential of blood eosinophils, eosinophil-derived neurotoxin (EDN), and eotaxin-3 as biomarkers of EoE was evaluated [42] . Blood eosinophil levels [30, 42] , plasma EDN levels, as well as eotaxin-3 levels significantly correlated with esophageal eosinophil density and were increased in patients with active EoE versus controls. Eotaxin-3, a chemoattractant for eosinophils, may also be an interesting tool for discriminating EoE from GERD. Esophageal eotaxin-3 mRNA and protein levels correlated with tissue eosinophilia. Despite promising initial results, assessment of eotaxin-3 currently remains a research tool and further studies are necessary to assess its correlation with disease severity. The evaluation of peripheral blood eosinophils may provide supportive evidence for the presence of EoE and the degree of tissue involvement but they are not diagnostic and the correlation with disease activity is hampered by the high percentage of concurrent allergic diseases. Summarised, as long as reliable non-invasive biomarkers with good test accuracy are lacking, endoscopy including biopsies remains the only tool to assess for biologic disease activity. Regarding the substantial disease-inherent and treatment-inherent uncertainties, we therefore recommend performing currently clinical, endoscopic and histologic controls, most likely, on a one-year schedule.
Outlook
Eosinophilic esophagitis is a new chronic inflammatory disease of the esophagus. As recent advances in the diagnosis of EoE have been made within the past years and indications for treatment have become more specific, it is evident that the majority of EoE patients can be treated adequately with topical corticosteroids. However, the longterm medical management of this condition and the drug therapies for patients with EoE refractory to standard treatment are not yet defined. Many of the issues outlined in this review remain at the forefront of EoE research today and require the concerted effort on behalf of clinicians and scientists to bring about new and improved therapies for management of this condition for the benefit of all patients suffering from this disease. 
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Figure 2
Biopsy specimen illustrating the leading histopathologic signs of EoE: The histograph, taken from an adult patient with active EoE, shows a dense infiltration of the squamous esophageal epithelium with eosinophils and dilated intercellular spaces. H&E staining, original magnification x200.
